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(57) ABSTRACT

A grass mower includes a blade shait for rotating a blade
within a mower deck supported to a vehicle body, a power
transmission mechanism for supplying rotational power to
the blade shait, a duct for air-conveying cut grass pieces
from the mower deck to the grass collecting bag and a tflow
boosting device incorporated in the duct. The tlow boosting
device increases a speed of air flow inside the duct by
feeding air through a nozzle opening adjacent an inner
circumierential face of the duct along a flow direction of the
air tlow.
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1
GRASS MOWER AND FLOW BOOSTER

TECHNICAL FIELD

This invention relates to a grass mower having a duct for
alr-conveying cut grass pieces from a mower deck to a grass

collecting container disposed at a rear portion of a vehicle
body.

BACKGROUND ART

U.S. Pat. No. 6,854,249 discloses a grass mower 1nclud-
ing a blade rotatable about a vertical axis within a mower
deck, a grass collecting bag mounted at a rear portion of a
vehicle body, a duct connecting a cut grass discharging
opening of the mower deck to the grass collecting bag, and
a blower incorporated at a duct portion around the cut grass
discharging opening. The blower has an impeller rotatable
about a vertical axis, so that in association with rotation of
this impeller, there 1s generated an air current which passes
from the cut grass discharging opening through the duct to
reach the grass collecting bag. With this, cut grass pieces
will be conveyed from the cut grass discharging opening
through the impeller of the blower and then through the duct
to be discharged 1nto the grass collecting bag.

U.S. Pat. No. 5,245,817 also discloses a blower {for
air-conveying cut grass pieces from a mower deck through
a duct to a grass collecting bag. This blower includes an
impeller rotatable about a horizontal axis. In association
with rotation of the impeller, cut grass pieces are conveyed
from the cut grass discharging opening upwards and passed
through the impeller to be eventually discharged into the
grass collecting bag.

In a grass mower, air current used for conveying cut grass
pieces from a mower deck to a grass collecting bag contains
debris or the like. For this reason, the impeller of the blower
will be hit not only by cut grass pieces, but also by such
debris, so high durability 1s required for the impeller. Fur-
ther, 1n order to generate an air current for conveying a large
amount of cut grass pieces, a large impeller 1s required.
Thus, a high power 1s required for the blower. A blower
satistying these requirements 1s expensive.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a grass
mower capable of efliciently generating an air current for
conveying cut grass pieces from a mower deck to a grass
collecting bag.

A grass mower according to the present imvention com-
prise:

a mower deck supported to a vehicle body;

a blade shatt for rotating a blade within the mower deck;

a power transmission mechamsm for supplying rotational
power to the blade shatt;

a duct for air-conveying cut grass pieces from the mower
deck to the grass collecting bag; and

a flow boosting device incorporated in the duct, the flow
boosting device being configured to increase a speed of air
flow 1nside the duct by feeding air through a nozzle opening
adjacent an inner circumierential face of the duct along a
flow direction of the air tlow.

The above tflow boosting device includes a nozzle opening,
adjacent the mnmer circumiferential face of the duct. In
operation, as air 1s sent through this nozzle opening along
the tlow of air conveying cut grass pieces, there occurs a
pressure drop in the inner circumierential face area of the
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duct due to the Bernoulli’s principle. Then, by this pressure
drop, air flow present on the downstream side of the nozzle
opening 1s drawn 1n, thus increasing the flow speed of the air
flow passing the vicinity of the nozzle opening. This
increase of flow speed improves cut grass conveying per-
formance from the mower deck to the grass collecting bag.
According to the above arrangement, cut grass pieces cut in
the mower deck will not reduce the conveying force due to
their collision with the fan of the blower device that would
occur 1n the case of the prior art.

According to one preferred embodiment, the flow boost-
ing device mcludes an mner tubular portion connected to a
duct portion on the upstream side in the air flow direction,
an outer tubular portion connected to a duct portion on the
downstream side in the air flow direction, and an orifice
portion acting as the nozzle opening configured to discharge
air flow introduced from the outside through an annular gap
acting as the nozzle opening and formed between the 1nner
tubular portion and the outer tubular portion. An annular gap
as a nozzle opening formed between the inner tubular
portion and the outer tubular portion constitutes an orifice
portion. In operation, air entering the flow boosting device
1s discharged vigorously from this gap acting as a nozzle
opening and will flow keeping close contact with the 1inner
wall face of the outer tubular portion (or the inner wall face
of the duct), so that its pressure will be dropped. This
pressure drop causes a pressure diflerence between air
flowing in the mner tubular portion and air flowing in the
outer tubular portion, which pressure difference draws 1n the
air flowing on the mner wall face of the outer tubular
portion, whereby the speed of air flow tlowing 1n the duct 1s
increased.

In order to increase the speed of air flow discharged from
the nozzle opening, 1t will be advantageous 11 the air flowing
into the tlow boosting device has a high pressure. Thus, it 1s
preferred that air flow produced by a blower device be
caused to flow 1nto the tlow boosting device. In the course
of this, since the mower deck 1s provided with the power
transmission mechanism for rotating the blade shaft, 1t 1s
preferred that the above blower device be provided adjacent
the mower deck 1n order to receive power from this power
transmission device. For this reason, according to one pre-
terred embodiment of the present invention, a blower device
1s provided at a connecting area between the duct and the
mower deck and air flow generated by the blower device 1s
sent to the orifice portion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a grass mower,

FIG. 2 1s a plan view showing a power transmission line
of the grass mower,

FIG. 3 1s a perspective view 1n vertical section showing a
first embodiment of a flow boosting device, and

FIG. 4 15 a perspective view 1n vertical section showing a
second embodiment of a flow boosting device.

DETAILED DESCRIPTION

Next, with reference to the drawings, one specific
embodiment of the grass mower according to the present
invention will be described. In this detailed description,
unless indicated otherwise, a word “front” means a front side
with respect to a vehicle body front-rear direction (runmng,
direction), and a word “rear” means a rear side with respect
to the vehicle body front-rear direction (running direction).
Further, a left-right direction or a lateral direction means a
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vehicle body transverse direction (vehicle body width direc-
tion) perpendicular to the vehicle body front-rear direction.
Also, a word “upper” or “lower” signifies a positional
relationship 1n the perpendicular direction of the vehicle
body (perpendicular direction), thus indicating a relationship
respecting the ground height.

This grass mower 1ncludes a pair of left and right front
wheels 2a, a pair of left and right rear wheels 26 and a
vehicle body 1 supported by these front wheels 2a and the
rear wheels 25. The front wheels 2a are caster wheels. The
rear wheels 26 are driving wheels, so that each one of the left
and right rear wheels 26 can be controlled in 1ts forward/
reverse speed independently.

The vehicle body 1 1s a frame structure comprised of
angular pipes, etc. At a rear portion of the vehicle body 1, an
engine 20 1s mounted. And, rearwardly of the engine 20, a
grass collecting container 12 for collecting cut grass pieces
1s provided. Forwardly of the engine 20, a driver’s seat 13
1s disposed, and forwardly of this driver’s seat 13, a floor 14
and a foot rest 14a are disposed. On opposed sides of the
driver’s seat 13, there are disposed a pair of left and right
control levers 15. Rearwardly of the driver’s seat 13, a
ROPS 16 1s disposed vertically.

Between the front wheels 2a and the rear wheels 25, a
mower unit 3 1s suspended from the vehicle body 1 to be
lifted up/down. As shown i FIG. 2, the mower unit 3
includes a mower deck 30 consisting of a top plate 30a and
a side plate 305 extending downwards from the outer edge
of the top plate 30q, blade shafts 32 for rotating blades 33
within the mower deck 30, and a power transmission mecha-
nism 25 for providing the blade shaits 32 with rotational
power. At a right end portion of the mower deck 30, a cut
grass discharging boot 31 is provided.

To the cut grass discharging boot 31 of the mower deck
30, there 1s connected a duct 4 for air-conveying cut grass
pieces cut by the blades 33 to the grass collecting container
12. For enabling this air-conveying of cut grass pieces, the
duct 4 incorporates a flow boosting device 5 for providing
boosted air flow to the duct 4. Further, a blower device 34
1s attached to a top plate 30aq adjacent the cut grass dis-
charging boot 31 of the mower deck 30. Air flow generated
by the blower device 34 1s fed to the tlow boosting device
5.

Next, with reference to FIG. 2, a power transmission line
of this grass mower will be explained. In correspondence
with each one of the left and night rear wheels 26, there are
provided an HST (hydrostatic transmission) 21 and a gear
transmission mechanism 22 for transmitting power to the
corresponding rear wheel 25. An output shaft 20a of the
engine 20 and the respective HST’s 21 include pulleys
constituting a running belt transmission mechanism 23, so
that power of the engine 20 1s transmitted to the HST’s 21.

A speed change ratio of the respective HST 21 (a range
from a forward maximal speed through a neutral to a reverse
maximal speed) 1s adjusted based on an operational dis-
placement using the pair of left and right control levers 15.
In accordance with respective positions of the control levers
15, there are selectively realized a neutral state 1n which no
rotational powers are transmitted to the left and right rear
wheels 25, a forward run state in which the left and right rear
wheels 26 are driven at an equal speed forwardly or
reversely, a gentle turn state 1n which the left and right rear
wheels 26 are driven forwardly or reversely at diflerent
speeds from each other, a pivot turn state 1n which one of the
left and rnight rear wheels 256 1s stopped and the other is
driven forwardly or reversely, and a spin turn state in which
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one of the left and right rear wheels 26 1s driven forwardly
and the other 1s driven reversely.

As shown 1n FIG. 2, among the blade shafts 32 mounting
the three blades 33 disposed side by side 1n the vehicle body
transverse direction and the output shait 20a of the engine
20, there 1s provided a belt transmission mechanism as a
“mower unit power transmission mechanism” 23, so that
power from the engine 20 1s transmitted to the mower umit
3.

Further, there 1s provided a blower power transmission
device 26 for transmitting power taken ofl the left side blade
shaft 32 to the blower device 34. The blower device 34 sends
air flow generated by rotating a fan (not shown) by power
obtained via the blower belt transmission mechanism 26 to

the flow boosting device 5.
Next, with reference to FIG. 3 and FIG. 4, the flow

boosting device 5 will be explained. In FIG. 3 and FIG. 4,
a first duct portion 41 which 1s a duct portion between the
flow boosting device 5 and the mower unit 3 and a second
duct portion 42 which 1s a duct portion between the flow
boosting device 5 and the grass collecting container 12 are
denoted with two-dot chain lines respectively. This tlow
boosting device 5 1s configured to feed a high-speed air flow
through a nozzle opening disposed adjacent the inner cir-
cumiferential face of the duct 4 along the flow direction of
cut grass conveying flow of the duct 4, thus drawing 1in the
cut grass conveying tlow present on the upstream side of the
nozzle opening, thus increasing (boosting) its speed conse-
quently. As shown in FIG. 1, the flow boosting device 5 1s
disposed at a portion of the duct 4 near the mower unit 3.

FIG. 3 shows a flow boosting device 5 according to a first
embodiment. The flow boosting device 5 consists essentially
of an inner tubular portion 51 connected to the first duct
portion 41, an outer tubular portion 52 connected to the
second duct portion 42 and an orifice portion 53.

The outer tubular portion 52 consists of an approximately
cylindrical tubular portion 52aq, a flange 3526 extending
radially outwards from the tubular portion 52a, and an
orifice forming portion 32¢ which forms the leading end of
the tubular portion 52a. The 1inner tubular portion 51 consists
ol an approximately cylindrical first tubular portion S1a, an
approximately cylindrical second tubular portion 515, an
orifice forming portion S1c¢ which 1s a transition portion
from the first tubular portion 51a to the second tubular
portion 515, and a connecting tube 54. A terminal end on the
downstream side 1n the tlow direction of the second tubular
portion 515 has a greater diameter than an outer circumier-
ential edge of the flange 526 and gaplessly joined to this
outer circumierential edge of the flange 52b6. Further, the
second tubular portion 315 has an overlapped portion having
a greater diameter than the first tubular portion 51a, along
which the second tubular portion 515 and the first tubular
portion 51a are overlapped with each other with forming a
radial spacing therebetween as they extend in the axial
direction. The space delimited by this overlapped portion
constitutes an accumulator space AC. At a portion of the
second tubular portion 515 forming the accumulator space,
the connecting tube 54 1s formed.

The orifice portion 53 consists of the orifice forming
portion 52¢ of the inner tubular portion 51 and the orifice
forming portion 51¢ of the tubular portion 32a, with the
orifice portion forming 31¢ extending into the mner circums-
terential face side of the orifice forming portion 52¢. An
annular gap formed between the orifice forming portion 3¢
and the orifice forming portion 52¢ constitutes a nozzle 530
acting as an orifice, so the gap between the orifice forming
portion 51¢ and the orifice forming portion 52¢ 1s deter-
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mined to act as an orifice. Incidentally and alternatively, the
orifice portion 53 can be formed as a nozzle body which 1s
inserted between the second outer tubular portion 522 and
the 1nner tubular portion 31, and such nozzle body can define
a number of nozzle holes that are distributed 1n 1ts circum-
terential direction and that extend along its axial direction.

To the connecting tube 54, one end of an air guide tube 35
joimng the blower device 34 with the flow boosting device
5 1s connected. When the blower device 34 1s driven, air flow
generated thereby 1s sent via the air guide tube 335 into the
accumulator space AC of the tlow boosting device 5. This air
flow sent into the accumulator space AC will then be
discharged as a high-pressure air flow through the nozzle
opening 530.

Air flow generated 1nside the mower deck 30 1n associa-
tion with driving of the blades 33 will tlow, together with cut
grass pieces, from the cut grass discharging boot 31 through
the first duct portion 41 to reach the iner tubular portion 51.
The size of the nozzle opening 530 and the air feeding
amount of the blower device 34 are determined such that the
velocity of air flow discharged through the nozzle opening,
530 may be far higher than that of the blade air flow tlowing
in the inner tubular portion 51. With this arrangement, 1n the
vicinity of the nozzle opening 530, the blade air flow will be
drawn 1nto the air tlow discharged from the nozzle opening
530, whereby the velocity of the blade air flow 1s increased,
and consequently the flow amount of the air flow flowing 1n
the duct 4 1s increased, thus boosting cut grass conveying
force.

FIG. 4 shows a flow boosting device 5 according to a
second embodiment. In this second embodiment too, as
shown 1n FIG. 1, the flow boosting device 5 1s disposed at
a portion of the duct 4 near the mower unit 3. The flow
boosting device 5 consists essentially of an mner tubular
portion 51 connected to the first duct portion 41, an outer
tubular portion 52 connected to the second duct portion 42
and an orifice portion 33.

In this embodiment, for the sake of readiness of its
manufacture, the outer tubular portion 52 1s initially pro-
vided separately as a first outer tubular portion 521 on the
first duct 41 side and a second outer tubular portion 522 on
the second duct 42 side, which are jomned to each other
subsequently. The first outer tubular portion 521 and the
inner tubular portion 51 are connected on the first duct 41
side. Namely, the first outer tubular portion 521 and the inner
tubular portion 51 are formed integrally. This integrated
assembly has a shape similar to a shape which 1s formed by
turning over one end of a cylinder to the outer side. And, the
turned-over portion constitutes the first outer tubular portion
521. The first outer tubular portion 521 and the second outer
tubular portion 522 include flanges 521a, 522a extending
radially to face each other; and the first outer tubular portion
521 and the second outer tubular portion 522 are joined to
cach other via these flanges 521a, 522a. In the second outer
tubular portion 522, 1its portion in transition to the flange
522a 1s constricted to approach the outer circumierential
face of the inner tubular portion 51. And, the second outer
tubular portion 522 and the inner tubular portion 51 at this
constricted area together form the orifice portion 53. The cut
grass collecting container 12 side end portion of the orifice
portion 33 1s an annular gap, which acts as a nozzle opening
530. Incidentally and alternatively, in this embodiment too,
the orifice portion 53 can be formed as a nozzle body which
1s serted between the second outer tubular portion 522 and
the inner tubular portion 51, and such nozzle body can define
a number of nozzle holes that are distributed 1n its circum-
terential direction and that extend along its axial direction.
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Except for the area of the orifice portion 53, the second
outer tubular portion 522 and the 1inner tubular portion 51 are
widely spaced apart from each other, between which an
accumulator space AC 1s formed. In the second outer tubular
portion 522, there 1s provided a connecting tube 54 to which
one end of an air guide tube 35 joining the blower device 34
with the flow boosting device 5 1s connected. When the
blower device 34 1s driven, air flow generated thereby 1s sent
via the air guide tube 35 into the accumulator space AC of
the flow boosting device 5. This air flow sent into the
accumulator space AC will then be discharged as a high-
pressure air tlow through the nozzle opening 530.

Next, other embodiments of the present invention will be
described respectively.

(1) In the foregoing embodiment, the outer tubular portion
52 1s mmtially provided separately as the first outer tubular
portion 521 and the second outer tubular portion 522.
Instead, the first outer tubular portion 521 and the second
outer tubular portion 522 can be provided integral. Further,
in the foregoing embodiment, the mnner tubular portion 51
and the first outer tubular portion 521 are formed integral.
Instead, these may be manufactured as separate components,
which may be joined to each other later.

(2) Such languages as the mner tubular portion 51, the
outer tubular portion 52 and the orifice portion 53 describe
their functions. Thus, the specific arrangements thereof can
be modified 1n various ways. For instance, as the inner
tubular portion 51 or the outer tubular portion 52, a portion
of the duct 4 can be used. In such case, the orifice portion 53
and the nozzle opening 530 too can be formed of through
holes defined in the circumierential wall of the duct 4.

(3) In the foregoing embodiment, the blower device 34 1s
driven by power taken ofl from the mower umt power
transmission mechanism 25 for driving the blade shafts 32.
Instead of this, the blower device 34 can be configured to
receive power directly from the engine 20. Further, 1n case
the grass mower 1s an electrically powered mower mounting
a battery and an electric motor, the blower device 34 can be
an electric motor-driven type device.

(4) In the foregoing embodiment, air flow sent mto the
accumulator space AC from the outside 1s generated by the
blower device 34. Instead of this, this air flow can be taken
ofl from the air flow generated by a radiator fan of the engine
20 or air flow generated 1n association with vehicle run can
be collected and sent 1into the accumulator space AC.

(5) In the foregoing embodiment, the mnvention 1s applied
to a mid-mount type grass mower. Instead, the mmvention
may be applied to a front-mower type grass mower.

Incidentally, the arrangement disclosed in the above
embodiment (including the further embodiments) can be
used 1 combination with the arrangements of the further
embodiments as long as no contraction occurs resulting from
such combination. Further, 1t 1s also understood that the
embodiments disclosed in the above detailed description are
only exemplary, so embodiments of the present invention are
not limited thereto, but various modifications can be made
thereto appropriately as long as no departure from the object
of the mvention occurs.

The mvention claimed is:

1. A grass mower comprising:

a mower deck supported to a vehicle body;

a blade shait rotating a blade within the mower deck;

a power transmission mechanism supplying rotational
power to the blade shaft;

a duct configured to air-convey cut grass pieces from the
mower deck to a grass collecting bag;
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said duct having a first end coupled to the mower deck and
a second end;

a tlow boosting device incorporated in the duct and
located between the first and second ends of the duct;
and

said flow boosting device comprising:

a first tubular portion configured to allow the air-
conveyed grass pieces to pass therethough and hav-
ing an end with a first diameter that 1s spaced from
the mower deck;

a second tubular portion configured to allow the air-
conveyed grass pieces to pass therethough and hav-
ing a portion that at least partially surrounds the first
tubular portion and has a second diameter that is

larger than the first diameter;

an air chamber surrounding a portion of the second
tubular portion and being configured to receive air
from outside the air chamber;

a connecting tube coupled to the air chamber and
allowing the outside air to pass therethrough and into
the air chamber; and

an annular nozzle opening axially located between
portions of the first and second tubular portions and
configured to discharge air flow into the second
tubular portion from the air chamber and at a higher
velocity than air tflow passing through the first tubu-
lar portion,

wherein the flow boosting device 1s configured to increase
a speed of air flow inside the duct so as to more

ciliciently convey the grass pieces to the grass collect-
ing bag.

2. The grass mower of claim 1, further comprising a

blower device configured to deliver an air-flow to the
connecting tube.

3. The grass mower of claim 2, wherein the blower device

1s configured to utilize rotational power supplied from the
power transmission mechanism.

4. The grass mower of claim 2, wherein the power

transmission mechanism comprises a belt transmission

mechanism configured to rotate a pulley mounted on t

1C

blade shaft and a pulley mounted on an impeller of t
blower.

1C

5. A grass mower comprising:

a mower deck supported to a vehicle body;

a blade shaft rotating a blade within the mower deck;

a duct configured to air-convey cut grass pieces from the
mower deck to a grass collecting bag;

said duct having a first end coupled to the mower deck and
a second end;

a blower mechanism;

a tlow boosting device incorporated in the duct and
located between the first and second ends of the duct;
and

said flow boosting device comprising;:

a first tubular portion configured to allow the air-
conveyed grass pieces to pass therethough and hav-
ing an end with a first diameter that 1s spaced from
the mower deck;
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a second tubular portion configured to allow the air-
conveyed grass pieces to pass therethough and hav-
ing a portion that at least partially surrounds the first
tubular portion and has a second diameter that is
larger than the first diameter;

an annular air chamber surrounding a portion of the
second tubular portion and being configured to
recelve air from the blower mechanism;

a connecting tube coupled to the air chamber and
allowing the air from the blower mechanism to pass
therethrough and into the air chamber; and

an annular nozzle opening axially located between
portions of the first and second tubular portions and
configured to discharge air flow into the second
tubular portion from the air chamber and at a higher
velocity than air flow passing through the first tubu-
lar portion,

wherein the flow boosting device 1s configured to increase
a speed of air flow inside the duct so as to more

ciliciently convey the grass pieces to the grass collect-
ing bag.

6. A grass mower comprising:

a mower deck supported to a vehicle body;

a blade shait rotating a blade within the mower deck;

a duct configured to air-convey cut grass pieces from the
mower deck to a grass collecting bag;

said duct having a first end coupled to the mower deck and
a second end;

a blower mechanism;

a flow boosting device incorporated i the duct and
located between the first and second ends of the duct;
and

said flow boosting device comprising:

a first tubular portion configured to allow the air-
conveyed grass pieces to pass therethough and hav-
ing an end with a first diameter that 1s spaced from
the mower deck;

a second tubular portion configured to allow the air-
conveyed grass pieces to pass therethough and hav-
ing a portion that at least partially surrounds the first
tubular portion and has a second diameter that is
larger than the first diameter;

an annular air chamber surrounding a portion of the
second tubular portion and being configured to
recelve air from the blower mechanism;

a connecting tube coupled to the air chamber and
allowing the air from the blower mechanism to pass
therethrough and into the air chamber; and

one or more nozzle openings axially located between
portions of the first and second tubular portions and
configured to discharge air flow into the second
tubular portion from the air chamber and at a higher
velocity than air flow passing through the first tubu-
lar portion,

wherein the tlow boosting device 1s configured to increase
a speed of air flow inside the duct so as to more

elliciently convey the grass pieces to the grass collect-

ing bag.
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CERTIFICATE OF CORRECTION
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APPLICATION NO. : 15/963418

DATED : February 2, 2021

INVENTOR(S) : Walden

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims

At Column 7, Line 8 (Claim 1, Line 15), please change “threrethough” to -- therethrough --.
At Column 7, Line 12 (Claim 1, Line 19), please change “threrethough” to -- therethrough --.
At Column 7, Line 57 (Claim 5, Line 14), please change “threrethough” to -- therethrough --.
At Column &, Line 2 (Claim 5, Line 18), please change “threrethough” to -- therethrough --.
At Column &, Line 35 (Claim 6, Line 14), please change “threrethough” to -- therethrough --.
At Column 8, Line 39 (Claim 6, Line 18), please change “threrethough” to -- therethrough --.

Signed and Sealed this

Drew Hirshfeld
Performing the Functions and Duties of the

Under Secretary of Commerce for Intellectual Property and
Director of the United States Patent and Trademark Office
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